shown. In some instances, very faint mAb414 staining was visible on DNA released from ruptured nuclei, however the intensity was orders of magnitude weaker than mAb414 staining on intact nuclei and could represent non-specific binding. Intact emerin-treated nuclei exhibited continuous mAb414 staining around the rim similar to controls. (B) Prior to emerin addition, extract was supplemented with mAb414 conjugated to Alexa Fluor 594 (10 µg/ml) and incubated for ten minutes. After incubating with emerin or dialysis buffer, nuclei were fixed in a buffer containing Hoechst (Chen and Levy, 2018), applied to a slide, and overlaid with a coverslip.
: Nuclear breakage control experiments. (A) In the purified emerin lane, 2.5 µl of 500 nM recombinant emerin were loaded. For the embryo extract lanes, extracts were prepared from post-MBT embryos as previously described (Edens and Levy, 2014) and 10 µl of extract were loaded in each lane. The western blot was probed with an anti-emerin antibody. For (B) -(E) experiments were performed as in Figure 1 using X. laevis egg extract with the following modifications: (B) The recombinant emerin protein was heated at 100°C or 60°C for 5 minutes and cooled prior to being added to shown. In some instances, very faint mAb414 staining was visible on DNA released from ruptured nuclei, however the intensity was orders of magnitude weaker than mAb414 staining on intact nuclei and could represent non-specific binding. Intact emerin-treated nuclei exhibited continuous mAb414 staining around the rim similar to controls. (B) Prior to emerin addition, extract was supplemented with mAb414 conjugated to Alexa Fluor 594 (10 µg/ml) and incubated for ten minutes. After incubating with emerin or dialysis buffer, nuclei were fixed in a buffer containing Hoechst (Chen and Levy, 2018) , applied to a slide, and overlaid with a coverslip.
Representative images are shown. Staining for mAb414 on DNA released from ruptured nuclei was never observed with these preparations. It is worth noting that the background mAb414 staining was higher in emerin-treated samples, likely because ruptured nuclei released nucleoporins into the cytoplasm. This was not observed for spindowns in (A) because released nucleoporins would not have been spun down onto the coverslips. Intact emerin-treated nuclei exhibited continuous mAb414 staining around the rim similar to controls. (C) After incubating with emerin or dialysis buffer, nuclei were fixed, spun onto coverslips, and stained with an α-Man1 antibody and Hoechst. Representative images are shown. In some instances, very faint Man1 staining was visible on DNA released from ruptured nuclei, however the intensity was orders of magnitude weaker than Man1 staining on intact nuclei and could represent non-specific binding. It is worth noting that in these egg extract nuclei, Man1 predominantly localizes to the nucleoplasm, consistent with the idea that egg extract and early embryonic nuclei have a different structure and composition that is potentially simplified relative to later in development. (D) Nuclei were assembled in egg extract and labeled as shown in Figure 1 . Emerin was added at 5 nM and extract droplets in oil were generated using microfluidic devices as previously described (Hazel et al., 2013 ).
The top droplet shows an example of a nucleus that apparently ruptured and repaired, as evidenced by both cytoplasmic DNA and intranuclear GFP-NLS signal. The other droplets show examples of completely disrupted nuclei with stringy and punctate DNA. Figure 1 using X. laevis egg extract except that after nuclear assembly, WGA was added at 0.2 mg/ml followed by a 5-minute incubation to occlude nuclear pore complexes. Emerin addition and imaging were then performed as in Figure 1 .
Representative images from one experiment of two are shown. (B) X. laevis egg extract was driven into interphase and incubated with 1 µM DiI for 60 minutes at room temperature. 5 nM emerin or an equivalent volume of dialysis buffer was added and incubation was continued for an additional 30 minutes. Extract was applied to a slide and overlaid with a coverslip. DiI-stained membranes were then visualized (labeled "30 minutes"). Slides were incubated an additional 60 minutes and then re-imaged (labeled "90 minutes"). Representative images are shown. (C) A 25 µl reaction of nuclei assembled in X. laevis egg extract was diluted with 1 ml buffer (ELB = 250 mM sucrose, 50 mM potassium chloride, 2.5 mM magnesium chloride, 10mM HEPES, pH 7.8). After centrifuging at 1600g for 3 minutes at room temperature, the supernatant was discarded and pelleted nuclei were resuspended in 25 µl ELB or 25 µl interphasic egg extract (Edens and Levy, 2014) . Emerin was added to each reaction at 5 nM. Reactions were incubated at room temperature for 30 minutes prior to imaging as shown in Fig. 1A . embryos, GFP-emerin is still punctate or diffusely cytoplasmic in some cells, as in the top set of images. However in some cells, GFP-emerin is localized to the nuclear envelope, as well as to the cytoplasm and cell cortex, as in the bottom set of images.
VIDEO LEGENDS
Video 1: Emerin-induced breakage of X. laevis egg extract nuclei upon mixing.
Nuclei assembled in egg extract and labeled with 10 µg/ml Hoechst were applied to a coverslip and imaged on an inverted confocal microscope. Emerin was added at a concentration of 5 nM. Initially nuclei remained intact as shown at the beginning of the video. Imaging was initiated and then the extract droplet was mixed using a pipet tip, corresponding to the middle frames in the video when the Hoechst-stained DNA goes out of focus. After mixing emerin into the reaction, stringy and punctate DNA is apparent, similar to what is shown in Figure 1 for emerin-treated nuclei sandwiched between a glass slide and coverslip. The length of the movie is 30 seconds. Bright-field imaging was performed at room temperature starting around stage 8.
Images were acquired every 90 seconds for a total of ~19 hours.
